A patient with transient, intermittent, complete heart block had periods of asystole, accompanied by syncope, whenever his cardiac rhythm shifted spontaneously from regular sinus rhythm to complete auriculoventricular dissociation. Similar clinical and electrocardiographic findings were produced by carotid sinus pressure when there was regular sinus rhythm. During the periods of heart block carotid sinus stimulation produced no effects. Physiologic studies suggested that the site of sensitivity of the hyperactive carotid sinus reflex was located at the effector end of the reflex arc. The possibility of structural damage to the heart from repeated stimulation of a hyperactive carotid sinus reflex is considered.
T HIS IS a study of a patient with syncopal attacks due to ventricular arrest which, on occasion, were found to occur when the cardiac rhythm shifted spontaneously from normal sinus rhythm to complete heart block and which, on other occasions, followed stimulation of the right carotid sinus. The observations to be reported permitted an evaluation of the relative importance of the organic and neurogenic factors in the causation of these attacks and offered an opportunity to study the mechanism of transient heart block.
CASE REPORT
The patient, a 73 year old Chinese man, was admitted to Bellevue Hospital following a fall in the street. He gave a one-month history of dizziness and fainting which had resulted in almost daily falls with consequent minor injuries. Unconsciousness usually lasted only a few seconds and was not related to head movement, neckwear, activity, or change of position. There were no aura, nausea, vomiting, tongue-biting, or incontinence of urine or feces. Chest pain, symptoms of diminished cardiac reserve, and previous heart disease or hypertension were denied. He did recall two episodes of palpitation during the three months prior to admission. System review and past history were otherwise noncontributory. The discontinued drinking alcoholic beverages two months before admission.
Physical examination showed a well-developed, well-preserved elderly Chinese man in no apparent distress. The rectal temperature was 98 F., respiratory rate 24 per minute, pulse rate 56 per minute, and blood pressure 200/90. There were bilateral arcus senilis, right periorbital swelling and edema, and a laceration 2 inches in length over the right eye. No abnormalities of the carotid arteries or adjacent tissues were noted. The heart sounds were distant; the aortic second sound was louder than the pulmonic; and a soft, medium-pitched, blowing systolic murmur was heard over the entire precordium, maximal in the third intercostal space at the left sternal border. The rhythm was regular with the ventricular rate equal to the pulse rate at 56 beats per minute, except for brief periods of five to seven seconds of irregular rhythm terminating in complete ventricular arrest, following which the heart resumed activity at a regular rate. The remainder of the physical and neurologic examination revealed no abnormality.
The urine was normal; its specific gravity was fig. 1, C) .
During the next few weeks the patient was observed to exhibit normal A-V conduction at times and complete heart block at other times. Spontaneous attacks of dizziness and syncope occurred. At this stage the nature of his cardiac rhythm and the cause of the syncopal attacks were not clear, and studies were undertaken to clarify the relationship between the carotid sinus reactivity and the spontaneously occurring heart block in the genesis of the syncopal attacks.
A -blocked ( fig. 3, B) , right carotid sinus pressure produced usually a slowing of the atrial rate of 10 to 15 beats per minute, and occasionally no effect. However, carotid sinus pressure on either side failed to produce ventricular asystole on any occasion, whether the atrium was slowed or not. The failure of the atrium to slow on a few occasions during right carotid sinus pressure cannot be explained; the pressure was applied always by the same observer lvho made every effort to keel) the intensity, location, and ( In contrast, whenever A-V conduction was times. During these observations, both, with aid without A-V block, the blood pressure ranged from 90-144/40-62; and at no time did carotid sinus stimulation produce a primary depressor response.
The demonstration of carotid sinus hypersensitivity during periods of normal sinus rhythm but not during periods of A-V block is to be anticipated, since a neurogenic (vagal) effect, which is manifested by a sudden interruption of A-V conduction, is not to be expected when A-V conduction is already blocked.
On several occasions the patient was observed in a period of spontaneously shifting rhythms. At these times complete A-V block predominated with a ventricular rate of 34 beats per minute. Every five to ten minutes there was a temporary restoration of A-V conduction and normal sinus rhythm ensued with a ventricular rate of 60 beats per minute. After one to three minutes of the normal sinus rhythm a spontaneous ventricular arrest of three to ten or more seconds occurred, following which there was reactivation of an idioventricular center with complete A-V block (fig. 4) fig. 5, A) . On one occasion, following the ventricular asystole, normal A-V conduction was resumed immediately. Then, after removal of the forearm from the cold water, there followed a period during which the blood pressure fluctuated widely. Ventricular asystole occurred whenever the blood pressure became elevated above 160/80 ( fig. 5, B) ; but as the blood pressure fell below this level, normal A-V conduction returned. On the other occasion ventricular asystole was followed by a period of A-V block before A-V conduction returned and normal sinus rhythm again ensued. Again there followed a period during which the blood pressure fell irregularly with occasional spikes above 160-80; and again ventricular asystole occurred whenever the blood pressure became elebeats per minute became established and the patient was discharged to be followed in the outpatient cardiac clinic.
During his repeated visits to the clinic complete A-V block was usually observed. However, on three visits normal sinus rhythm with rates of 60 to 66 beats per minute was noted. On one occasion he complained of attacks of dizziness but denied fainting or unconsciousness. The Carter and Dieuaide2 in 1923 . In the more recent literature, transient complete heart block has been reported in association with congenital heart disease3' 4and as a result of the acute myocarditis of rheumatic fever,5 diphtheria, mumps,7 and scarlet fever.8
Unique cases of congenital heart block with transitory periods of normal sinus rhythm were described by Smith9 and by Calandre.'0 Smith's patient had complete heart block which was unaffected by exercise or atropinization, but A-V conduction could be restored with a return to normal sinus rhythm by forced expiration. The author suggested that this change might be explained mechanically by lessening of traction on the conduction system owing to the altered position of the heart during forced expiration. Calandre's patient also exhibited complete heart block, except when in absolute repose at which time conduction was normal.
In most cases the transient heart block ultimately changed to permanent heart block and postmortem examination revealed underlying anatomic lesions within the cardiac conduction system. In a few cases of transient heart block, evidence of a neurogenic origin was present; and in this group Weiss and Ferris included their own three cases of vagovagal reflex Adams-Stokes syndrome,' the similar cases of Flaum and Klima,"1 and of Gluch,"1 and the cases due to hyperactivity of the carotid sinus.'3 Our patient belongs with that group of cases'4 -18 with anatomic lesions which incompletely sever the cardiac conduction system and in which a sudden increase in vagal tonus precipitates the development of complete A-V block.
Site of Hypersensitivity of the Hypersensitive Carotid Sinus Reflex. The site of hypersensitivity of a hyperactive carotid sinus reflex may be in the afferent nerve endings of the sinus, in the medullary synapses of the central nervous system, or in the efferent nerve endings such as the vagal endings in the heart, alone or in combination. Observations '3 19-21 The observations in the patient here reported may be interpreted in support of this viewpoint. The persistence of P waves (at a rate never less than forty-four per minute) throughout ventricular asystole indicates that potential stimuli for ventricular contraction were present during asystole but were blocked in propagation to the ventricle. This suggests that the site of carotid sinus hypersensitivity in this patient was located primarily in the vicinity of the A-V node and bundle, which coincides with the site of the lesion as inferred from the later development of permanent A-V block.
Permanent A-V Block Precipitated by Carotid Sinus Pressure. The development of permanent A-V block in this patient raises the question of structural damage to the heart as a consequence of carotid sinus sensitivity. Such reports have not been found in the literature, although cerebral damage following carotid sinus stimulation has been observed."-" There is clinical and experimental evidence3'-" that the coronary circulation and myocardium may be adversely affected by the carotid sinus reflex. Glenn and/or a small local decrease in circulation may result in failure of these few remaining fibers to function."-Such a loss of function would result in permanent A-V block if the anatomic lesion were extended through these last intact fibers. It is at least possible that in the patient here studied some such progressing change may have resulted from repeated stimulation of his hypersensitive carotid sinus reflex. As a consequence the remaining few intact fibers of the A-V conduction system may have been obliterated with the result that the initially transient complete heart block became permanent.
It is a matter of pure speculation whether repeated carotid sinus stimulation hastened the establishment of permanent heart block in this case, or whether the block resulted from the natural progress of the primary disease.
Nevertheless, whatever its cause, the development of permanent block was beneficial to the patient. With this conduction system precariously near the point of complete severance, he was imminently susceptible to the onset of complete A-V block and ventricular standstill; but with the establishment of permanent A-V block with an idioventricular rhythm, the pacemaker of which was located below the site of vagal susceptibility, he was freed from his asystolic episodes and syncopal attacks. This change would have been valueless if the idioventricular focus were prone to retardation or to periods of complete inactivity. In this patient the complete A-VI block, with an idioventricular rhythm at a rate of 32 to 40 beats per minute, has been present for two years during which he has been active and free of symptoms. In this sense the development of permanent heart block has been of benefit to him. 2. During periods of A-V conduction with normal sinus rhythm, carotid sinus stimulation produced asystole; during periods of complete A-V block, carotid sinus stimulation was without effect.
3. Several clinical studies indicated that the region of the anatomic lesion (vagus endings or His bundle) represented the site of greatest sensitivity of the hyperactive reflex in this patient.
